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National and Regional Agrometeorological

Services in Brazil
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National and Regional Agrometeorological

Services in Brazil

Brazil has 3 National M&HS:
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Some states have their own Regional M&HS:
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Meteorological x Agricultural Drought Indices in Current Use

METEOROLOGICAL DROUGHT INDEXES
Based on precipitation data, its variability and statistics.

Most used in Brazil are: Rainfall Anomaly and SPI

INDICE DE PRECIPITACAQ PADRONIZADA INDICE DE PRECIPITACAO PADRONIZADA

Abril de 2010 Acumulada: 1 mes Abril de 2010
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Other examples of Agricultural Drought Monitoring in Brazil

SPI for 5 days to 6 months

Mapas de indice de Seca - MA
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Other examples of Agricultural Drought Monitoring in Brazil
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AGRICULTURAL DROUGHT INDEXES

More complex than Meteorological Indexes, since they depend on:

Climate (Rainfall and Evapotranspiration)
Soil (Holding Capacity and Moisture)
Crop (Species, Variety, Root depth and Phenological Phase)

Crop Management (Sowing dates, Crop rotation, Irrigation, No tillage,

Intercropping)

The combination of these factors leads to different impacts
to agriculture when a drought occurs, making difficult to

decide which Is the best index to quantify the drought for agriculture
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Drought Impact on Soybean Crop in Southern Brazil

SoybeanYieldin Rio Grande do Sul State

Yield Loss = 1224 kg/ha

Yield Loss = 911 kg/ha
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AGRICULTURAL DROUGHT INDEXES

The most used Agricultural Drought Index used in Brazil is

Water Deficiency based on the Climatological Water Balance (T&M, 1955)

Passo Fundo, RS - Normal Year
SWHC =50 mm

Jul Ago Set Out Nov Dez Jan Fev Mar Abr Mai Jun

Passo Fundo, RS (1990-1991) BDEF(-1) BEXC Passo Fundo, RS (2004-2005)
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Drought Monitoring

Almost the same water deficiency can be observed for different amounts of
rainfall during the growing season

Total Rainfall — Growing Season % of the Normal— Growing Season

WD =201 mm WD = 201 mm

578,1

WD = 194 mm WD = 194 mm 84

423,4 61

Normal 1990-91 2004-05 Normal 1990-91 2004-05

1990-91 - ETP =510 mm /
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Drought Monitoring

Climatological Water Balance Monitoring in Brazil (SWHC = 125cmm)

Defict /Excesso Hidrico Mensal Defict/Excesso Hidrice Mensal

Aplicacao: Balanco Hidrico Aplicacao: Balanco Hidrico

Maopa do mes 09/200% Mopa do mes 04/2010

Processade am: 07:41:42 de 15/01/2010 Proceszsodn em: 22:51:01 de 12/05/2010
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Drought Monitoring

Other Agricultural Drought Indexes in Current Use

PROCLIMA — NE (Rainfall, Soil Moisture and Actual ET)

Water Balance based on

Pedo-transfer Functions / P-M ETo / Rainfall from 1000 rain-gauges
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Drought Monitoring

Other Agricultural Drought Indexes in Current Use

Umidade do Sole {mm*3 mm‘%ﬂum Soil Moisture — estimated from
satellite rainfall data applied to the
@Eﬁ; Richards’ Hydrological Model.

Profundidade: 75 ¢m ZSHM 010

Pedo-transfer functions are used to
characterize soil variability and ETo
is estimated by Penman-Monteith
Method
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Drought Monitoring

Other Agricultural Drought Indexes in Current Use

NDVI Maps

The Division of Satellite Images from
National Space Institute (INPE)
delivers NDVI images for drought
monitoring in a national and regional
[AVETES
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Other Agricultural Drought Indices in Current Use
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Palmer Drought Severity Index Adapted to Sao Paulo State

PDSI-Adapted

> 3.00 Extremely wet
T 2.00a2.99 Very wet
Indice de PDSI Adotado para SP 1.00 2 0.99 Mogeratew wet
ERMRI 2010 0.51a20.99 Beginning of wet period
i 0.50a-0.50 Normal

-0.51 a-0.99 Beginning of dry period
-1.00 a-1.99 Moderately dry
-2.00 a-2.99 Verydry

<-3.00 Extremely dry

Blain & Brunini (2005, 2007)
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Accumulated Drought Index

P & ETP Relationship ISM
P>=2ETP Wet (5)
ETP<=P<2ETP Lightly wet (4)
%ETP <=P <ETP Normal (3)
0<P<=1%ETP Lightly dry (2)
P=0 Dry (1)

ISMA Wet/Dry Conditions
ISMA >=1.50 Very wet
0.80 <= ISMA < 1.50 Wet
0.40 <= ISMA < 0.80 Lightly wet

0.20 <= ISMA < 0.40 Normal

0.04 <= ISMA < 0.2 Lightly dry

0.004 <= ISMA < 0.04 Dry

ISMA < 0.004 Very Dry
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ISMA

Accumulated Drought Index

Wet/Dry Conditions

ISMA >= 1,50

Very wet

0,80 <= ISMA < 1,50

Wet

0,40 <= ISMA < 0,80

Lightly wet

0,20 <= ISMA < 0,40

Normal

0,04 <=ISMA < 0,2

Lightly dry

Drought Conditions by Location

Condigoes Meteorologicas Atuais: 20/05/2010 - 23/05/2010

Andradina

Local

ISM
Regido Administrativa: Aracatuba

Condicbes

1 Seco

Aracatuba

Seco

0,004 <= ISMA < 0,04

Dry

ISMA < 0,004

Auriflama

Seco

IBuritama

Seco

Ilha Solteira

Ligeiramente Seco

(Mirandopolis

Seco

IPenapolis

Seco

IPiacatu

Seco

Valparaiso

Bebedouro

Hle = ===

Seco

Regidao Administrativa: Barretos

Ligeiramente Umido

ICcolina

4 Ligeiramente Umido

IGuaira

41 Ligeiramente Umido

Monte Azul Paulista

Bauru

Regiao Administrativa:

2| Ligeiramente Seco
Bauru
Seco

Jan

Seco

Lins

Seco
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Relative Water Deficiency Index

Dl = (1-ETa/ETP) * 100

indice de Estresse Hidrico Semanal
05 a 11 de Abril de 2010

LEGENDA

[n]]
I 0o00- 157 .
I 1 57-4580
[ ]480-886 1AC
[ |s36-1467 e E

=
M 1457 - 7300 0 75 75 150 225

[ ] Delimitagéo dos ’hdenicipios de 5P ™ v Fonte de dados: Ciiagro - IAC
+  Postos Meteoroldgicos 1:5 000 000 Campinas/SP - 2008

www.cepaempres a.com.br

www.ciiagro s p.gov.br




WMO/UNISDR Expert Group Meeting on Agricultural Drought Index - Murcia, Spain — June 2010

Crop Moisture Index

CMI = ETa observed — ETa expected

indice Semanal de Umidade no Solo para a Cultura
05 a 11 de Abril de 2010
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Crop Water Development Index

CWDF = SWS/SWHC

SWS = Soil Water Storage — Climatological Water Balance
SWHC = Soil Water Holding Capacity — 25, 50, 75 and 100 mm

CWDI = (CWDF/0.40) - 1

ACWDI = 5 (CWDl/n . 1.5)

ACWDI Crop Development Conditions

Good
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Crop Water Development Index

Condicdes Atuais de Desenvolvimento da Cultura: 20/05/2010 - 23/05/2010

Adamantina Criticas]

Adamantina Criticas|

[Adamantina Criticas|

Adamantina Criticas]

Amparo Criticas

Amparo Criticas

Amparo Criticas

Amparo ) Criticas
Criticas
Criticas
Criticas
Criticas
Criticas
Criticas

Criticas|

Andradina

Andradina

Andradina
[ Andradina

Aracatuba

Aracatuba

Aracatuba

Severas|
Criticas
Criticas
Criticas

Criticas|

Aracatuba

Araraguara

Araraguara

Araraguara

(w=] fa=] =] ] 5N ] [=] =] =] =] l] =] ][]

Araraguara
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Crop Water Development Index

indice Relativo de Desenvolvimento Vegetal

Monitoramento Agrometeorologico de 17 a 19 Maio de 2010

indice de Umidade do Solo e Desenvolvimento Vegetal
Monitoramento Agrometeorologico de 17 a 19 Maio de 2010
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Other examples of Agricultural Drought Monitoring in Brazil

Craricnve o) Enipa
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Other examples of Agricultural Drought Monitoring in Brazil

Soil Water Storage in relation
¢ to SWHC (%)

EONCEME o R 25/05/2010

State of Ceara Meteorological Service

MUSAG model

Arm; = Arm, + Inf - Perc - Ev
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Other examples of Agricultural Drought Monitoring in Brazil

Number of days without rain
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Other examples of Agricultural Drought Monitoring in Brazil

State of Goias Meteorological &
Hydrological Service

Sistema «

SIMEH!

do Estado de Golas

gia & Hic Tempo Clima Agricultura Queimadas €Energia Rede Observacac Imagens

PUBLICACOES  SIMEGD LEGISLACAC PARCERIAS LINKS CONTATO

REDE DE OBSERVACOES

Climatological Water Balance (T&M, 1955)

Vianopolis - Estagao Vianopolis | - Abril de 2010

Periodo desejado{Atil2010 || CAD (mm): =] [ Acessar ]

Més i Arm Alt Etr Defict | Excesso
Y g 0 100.0 10.0 23.9 0.0
60.0 -39.8 0.0 0.0
3.0 5T. . 0.0 0.0
0.0 -3.0 .0 40.7 0.0
0.0 0.0 81 6.4 0.0
1040.0 100.0 1. 38.2
100.0 0.0 oG, 20.4
100.0 0.0
100.0 0.0
92.0 7.9
100.0 2.0

-58.8
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State of Bahia Meteorological Service

Climatological Water Balance (T&M, 1955)

Longituds Longituds

Soil Water Storage in relation to SWHC Soil Water Storage (mm)
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Water Balance based Drought Indexes

Accumulated Water l

Deficiency

ETP & Climatological WB
(T&M, 1955)

Strengths

P & ETP data
asy to Apply Easy t
Understand Does not
require much
computational power

Relative Water Deficiency

PDSI-Adapted

indice de PDSI Adotado para SP
Poeaire o 988

L T

=

Crop Water
Development Index

CWDF = SWS/ SWHC

CWDI = (CWDF/0.40) - 1
ACWDI = 5 (CWDI/n .1.5)

Index Crop Moisture Index

DI=(1 - ETa/ ETP) * 100 CMI = ETa observed — ETa expected
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Water Balance based Drought Indexes

Accumulated Water l

Deficiency

ETP & Climatological WB
(T&M, 1955)

Limitations

Depends on:

ETP method SWHC
Adopted Crop type &
phase Crop
management

Relative Water Deficiency

PDSI-Adapted

indice de PDSI Adotado para SP
Poeaire o 988

o T

-
=
s

Crop Water
Development Index

CWDF = SWS/ SWHC

CWDI = (CWDF/0.40) - 1
ACWDI = 5 (CWDI/n .1.5)

Index Crop Moisture Index

DI=(1 - ETa/ ETP) * 100 CMI = ETa observed — ETa expected
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Strengths, Weaknesses and Limitations of Agricultural Drought

Indexes in current use in Brazil

ETP method

Different ETP methods will result in different values for the same weather
conditions. It will make Agricultural Drought Indexes vulnerable to this method, in
terms of the right dimension of the drought index.

This is a problem when Penman-Monteith method can not be applied, due to lack
of data. So Agricultural Drought Indexes based on ETP or ETR estimated by

different methods are not comparable.

The Original Thornthwaite method normally underestimates ETP for
Brazil, but it is the main method used, since requires only average
temperature as input
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Potential Evapotranspiration for Brazil
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y =1.00x - 182.00

R?2=0.59

Thornthwaite

200 400 600 800 1000 1200 1400 1600 1800 2000

ETP-PM (mm year)
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Water Deficiency for Brazil Thornthwaite
(TH) X Penman-Monteith (PM)
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Strengths, Weaknesses and Limitations of Agricultural Drought

Indexes in current use in Brazil

SWHC Adopted

SWHC = [(FC% - WP%)/100] * dg * ZR
\ |

Roots depth (mm)

B T
Sandy Soil A I 5o

Saturation Field Capacity Wilting Point

Salid
Salurated ol 100g 40mi | — Waler

Field Capacity

2
Wilting Coeficiant 10
[ w [
Salid 3

ml e
ml' Air

Hygroscopic Coeficient Air

Poee Space




WMO/UNISDR Expert Group Meeting on Agricultural Drought Index - Murcia, Spain — June 2010

SWHC Adopted

Roots Depth & Volume Effects

MUCUNA  SOJA" CEVADA TRIGO! VICA

)

Roots depth and volume depend on the crop and soil physical &
chemical conditions
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SWHC Adopted

Roots Depth and Volume

Gipsum Effect on Roots Density

Soil Compactation
Effect on Roots
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Crop Type/Variety

Normal Resistance Genotypes

High Resistance Genotypes
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Crop Phase

Crop coefficient (Kc)

FIGURE 25

Generalized crop coefficient curve for the single crop coefficient approach Water defiCit Sensitivity Coefficient (Ky)
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Sowing Dates Crop Management

Zoneamento da Cultura de Feijao 1° Safra - Solo Tipo
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Sowing Dates Crop Management

Zoneamento da Cultura de Feijao 1° Safra - Solo Tipo 3
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Sowing Dates Crop Management

Zoneamento da Cultura de Feijao 1° Safra - Solo Tipo 3

Epocas de Semeadura
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Zoneamento da Cultura de Feijao 2° Safra- Solo Tipo 3
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Zoneamento da Cultura de Feijao 3° Safra - Ciclo Precoce
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Final remarks

In Brazil there are several National and Regional M&HSs with
different ways to monitor drought under agricultural perspectives.

Regional and National M&HSs estimate water balance by four
different methods: T&M; MUSAG; Hydrological with satellite data;
and Hydrological with observed info.

However, the method of T&M (1955) is the most used by the
National Met Service (INMET) and other Regional
Agrometeorological Services in Brazil.

In the state of Sao Paulo, several Agricultural Drought Indexes are
in use, but the majority of them are based on Thornthwaite ETP
and/or T&M Water Balance data.
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Final remarks

Agricultural Drought Indexes, based on ETP, P and WB outputs
(ETR or WD), are expected to have better relationships with crop
yield losses than meteorological drought indexes, based only on
rainfall.

Sugarcane Crop Yield
Reduction as a function of
Accumulated WD during the
growing season

Yield Reduction (%)

200 400 600
Accumulated WD (mm)
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Final remarks

Even considering the strengths of the WB based Agric Drought
indexes, the WB, determined by any method, will depend on some
critical factors, as ETP method, SWHC adopted, crop/variety type
and phase, and crop management.

These factors will lead to different impacts of a given drought to the
crops during the growing season.

In this way, what is better, to make the Agricultural Drought Indexes
GENERAL or VERY SPECIFIC 7?77

Considering the complexity of the agriculture, mainly in the tropical
countries, would be possible the M&HSs provide VERY SPECIFIC
drought indexes ??? How to do that, using complex indexes or crop
simulation models ???
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